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actions.	We	 investigated	 trophic	 interactions	 between	Argyrodes miniaceus,	 a	 clep-




A. miniaceus in Nephila spp.	webs.	Experimental	understory	treatments	 included	en-
hanced	complexity,	standard	complexity,	and	reduced	complexity	understory	vegeta-
tion,	which	had	been	established	as	part	of	the	ongoing	Biodiversity	and	Ecosystem	
Function	 in	 Tropical	Agriculture	 (BEFTA)	 Project.	A. miniaceus	 density	 ranged	 from	
14.4	to	31.4	spiders	per	square	meter	of	web,	with	significantly	lower	densities	found	
in	 reduced	 vegetation	 complexity	 treatments	 compared	 with	 both	 enhanced	 and	
standard	treatment	plots.	A. miniaceus	abundance	per	plot	was	also	significantly	lower	
in	reduced	complexity	than	in	standard	and	enhanced	complexity	plots.	Synthesis and 
applications:	 Maintenance	 of	 understory	 vegetation	 complexity	 contributes	 to	 the	
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1  | INTRODUCTION
Tropical	 habitats	 are	 experiencing	 rapid	 change	 as	 the	 rate	 of	 agri-
cultural	expansion	 in	 the	 tropics	 increases	 (Foley	et	al.,	2005;	Gibbs	
et	al.,	 2010;	Hansen	 et	al.,	 2008;	Tylianakis,	 Didham,	 Bascompte,	 &	





and	 resource	 availability,	which	 leads	 to	 alterations	 in	 species	 com-
position,	 abundance,	 and	 interactions	 within	 ecosystems	 (Didham,	
Tylianakis,	 Gemmell,	 Rand,	 &	 Ewers,	 2007;	 Fitzherbert	 et	al.,	 2008;	




1999;	 Kneitel	 &	 Chase,	 2004;	 Tilman,	 1994;	Wright,	 2002;	 Zobel,	







functionally	 important	 species	 (Kutz,	 Hoberg,	 Polley,	 &	 Jenkins,	
2005;	Nazzi	et	al.,	2012;	Sammataro,	Gerson,	&	Needham,	2000).	In	
agroecosystems,	many	important	pollinators,	pests,	and	pest	control	
agents	 are	 parasites	 or	 hosts	 (Nazzi	 et	al.,	 2012;	 Sammataro	 et	al.,	
2000;	 Sheffield,	 Pindar,	 Packer,	 &	 Kevan,	 2013;	 Tscharntke	 et	al.,	
2007).	Species	losses	or	changes	to	resource	availability	alter	host–
parasite	 interactions	 through	changes	 to	host	density,	host	 fitness,	
prey	availability,	and	the	level	of	intra-	or	inter-	specific	competition	
(Barber	 &	Martin,	 1997;	 Berndt,	Wratten,	 &	 Scarratt,	 2006;	 Hahn	
&	Hatfield,	1995;	 Irvin	et	al.,	 2006;	Kruess,	2003;	Rusch,	Valantin-	
Morison,	Sarthou,	&	Roger-	Estrade,	2011;	Tilman,	1994;	Tylianakis	
et	al.,	 2007;	 Wilkinson	 &	 Feener,	 2007;	 Wolinska	 &	 King,	 2009).	










are	 obligate	 cleptoparasitic	 spiders	 that	 depend	 solely	 on	 food	 re-
sources	caught	by	their	hosts	and	living	space	provided	by	their	hosts	
(Agnarsson,	2003;	Cangialosi,	 1997;	Vollrath,	 1987b).	Yet,	Argyrodes 
can	also	have	profound	negative	effects	on	host	fitness	(Elgar,	1989;	
McCrate	 &	 Uetz,	 2010;	 Rittschof	 &	 Ruggles,	 2010;	 Rypstra,	 1981;	
Tanaka,	1984).	Argyrodes	 reach	densities	of	up	to	40	 individuals	per	
square	meter	of	their	host’s	web,	and	even	at	much	lower	densities,	
can	 consume	enough	prey	 to	 significantly	 impact	 host	 growth,	web	
tenure,	 web	 damage,	 and	 host	 mortality	 (Agnarsson,	 2003,	 2011;	

















little	 is	yet	 known	 about	 the	 role	 of	 spiders	 in	 oil	 palm	 specifically,	
they	can	be	important	pest	control	agents	in	other	tropical	(Hlivko	&	
Rypstra,	2003;	Kobayashi,	1975;	Settle	et	al.,	1996;	Sigsgaard,	2000)	
and	 tree	 (Mansour,	 Rosen,	 &	 Shulov,	 1980;	 Mathews,	 Bottrell,	 &	
Brown,	2004)	crops.
Argyrodes	 abundance	 is	 known	 to	 be	 positively	 correlated	
with	 web	 size,	 host	 body	 size,	 host	 density,	 and	 prey	 availabil-
ity	 (Agnarsson,	 2003,	 2011;	 Cangialosi,	 1990,	 1991;	 Elgar,	 1989;	










&	 Li,	 2002;	Miyashita,	 2002;	 Rypstra	 1981).	We	make	 the	 follow-
ing	hypotheses	about	the	effects	of	these	environmental	factors	on	 
A. miniaceus	density	and	abundance:
K E Y W O R D S
agricultural	management,	habitat	complexity,	host–parasite	relationships,	population	density,	
trophic	interactions
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benefit	 from	 similar	 environmental	 conditions	 to	Argyrodes,	 their	
presence	is	positively	associated	with	Argyrodes	density.
By	quantifying	the	effect	of	understory	complexity	on	a	host–par-
asite	 relationship,	 this	 study	will	yield	novel	 insights	 into	 the	effect	of	
habitat	structure	and	management	on	food	web	complexity	in	a	tropical	
agricultural	landscape.
2  | MATERIALS AND METHODS
2.1 | Study site
This	study	was	conducted	as	part	of	the	Biodiversity	and	Ecosystem	
Function	 in	 Tropical	 Agriculture	 (BEFTA)	 Project,	 located	 in	 Riau	
Province,	Sumatra,	Indonesia	(Foster	et	al.,	2014).	The	BEFTA	Project	










Eighteen	 study	 plots	 were	 established	 in	 October	 2012.	 Oil	 palm	
trees	on	all	plots	were	planted	between	1987	and	1993,	and	so	were	
mature	at	 the	time	of	the	study.	Plots	are	150	m	by	150	m	and	are	





1. Standard	 understory	 complexity:	 standard	 company	 practice,	
consisting	 of	 intermediate	 herbicide	 use,	 and	 understory	 vege-
tation	 removal.




Herbicides	 used	 in	 the	 initial	 establishment	 of	 the	 plots	 included	
Glyphosate	 (Rollup	 480	 SL),	 Paraquat	 Dichloride	 (Rolixone	 276	 SL),	








































ratio	 tests	 to	 determine	 which	 variables	 most	 improved	 the	 mod-
el’s	goodness	of	fit.	We	chose	the	variable	with	the	lowest	reported	
Akaike’s	Information	Criterion	(AIC)	to	add	to	the	model	and	repeated	
the	 test,	 adding	variables	 one	 at	 a	 time	 until	 no	more	 factors	were	
significant	at	the	α	=	0.05	level	(Burnham	&	Anderson,	1998).	We	then	
used	additional	likelihood	ratio	tests	to	determine	whether	including	
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abundance	 data,	with	 triplet	 as	 a	 random	 effect.	We	 square	 root	
transformed	the	density	data	to	avoid	violating	assumptions	of	nor-
mality	 of	 residuals	 and	 homoscedasticity.	 Because	 the	 effect	 of	 a	
treatment	can	be	underestimated	by	p-	values	for	small	sample	sizes	
(Gelman	 &	 Stern,	 2006;	 Ioannidis,	 2005),	 we	 considered	 results	






We	 counted	 a	 total	 of	 737	A. miniaceus	 individuals	 in	 89	Nephila 
host	webs	in	enhanced	complexity	plots,	703	individuals	in	96	webs	
in	 standard	 complexity	 plots,	 and	 106	 individuals	 in	 28	 webs	 in	
reduced	complexity	plots.	Six	webs	 in	enhanced	complexity	plots,	
six	 webs	 in	 standard	 complexity	 plots,	 and	 five	 webs	 in	 reduced	
complexity	 plots	 did	 not	 contain	 cleptoparasites.	 Webs	 that	 did	
not	 contain	 cleptoparasites	 ranged	 in	 size	 from	 400	cm2	 to	 over	
2000	cm2.	 The	maximum	number	 of	 cleptoparasites	 found	 in	 one	
web	was	34	in	enhanced	complexity	plots,	27	in	standard	complex-
ity	plots,	and	13	in	reduced	complexity	plots.	Mean	cleptoparasite	
density	was	 31.4	±	3.31	A. miniaceus	 per	 square	meter	 of	Nephila 
web	in	enhanced	complexity	plots,	29.3	±	2.46	per	square	meter	of	
web	in	standard	complexity	plots,	and	14.4	±	3.02	per	square	meter	
of	 web	 in	 reduced	 complexity	 plots	 (mean	±	SE;	 Figure	1).	 Mean	
abundance	of	cleptoparasites	per	plot	in	the	enhanced	complexity	
treatment	was	122.8	±	31.21,	in	the	standard	complexity	treatment	
was	117.2	±	59.47,	 and	 in	 the	 reduced	 complexity	 treatment	was	
17.7	±	8.38	(mean	±	SE;	Figure	2).
Treatment,	web	size,	 and	 the	presence	of	a	male	Nephila were 
all	 significant	 predictors	 of	 cleptoparasite	 density	 and	 were	 thus	
all	 included	 in	 the	 final	model	 (Table	1).	 No	 interactions	 between	
variables	 were	 significant.	 Model	 parameter	 coefficients	 indicate	




web	differed	across	treatments	(F = 8.13,	df	=	2,	p < .001)	and	was	sig-
nificantly	 lower	 in	 reduced	 complexity	 plots	 than	 in	 both	 enhanced	
complexity	plots	(F = 18.75,	df	=	1,	p < .001)	and	standard	complexity	
plots	 (F = 11.79,	df	=	1,	p < .001;	Figure	1).	Density	 in	enhanced	and	
standard	complexity	plots	did	not	significantly	differ	(F = 2.20,	df	=	1,	
p = .14;	Figure	1).	Mean	A. miniaceus	abundance	per	plot	was	margin-
ally	significantly	different	across	treatments	(F = 3.75,	df	=	2,	p = .061; 
Figure	2).	Abundance	 in	enhanced	complexity	plots	was	significantly	
greater	 than	 abundance	 in	 reduced	 complexity	 plots	 (F = 15.29,	
df	=	1,	p = .011;	Figure	2).	Abundance	in	standard	complexity	and	re-
duced	complexity	plots	did	not	differ	(F = 3.07,	df	=	1,	p = .14),	nor	did	
abundance	 differ	 between	 standard	 and	 enhanced	 complexity	 plots	
(F = 0.019,	df	=	1,	p = .90;	Figure	2).
4  | DISCUSSION
Habitat	 complexity	 in	 agroecosystems	 can	have	profound	effects	
on	 species	 interactions,	 with	 potential	 impacts	 on	 the	 provision	
of	 ecosystem	 services	 (Finke	 &	Denno,	 2002;	 Langellotto,	 2002;	
Martin,	 Reineking,	 Seo,	 &	 Steffan-	Dewenter,	 2015).	 This	 study	
investigated	 factors,	 including	 habitat	 complexity,	 that	 influence	
Argyrodes miniaceus	 cleptoparasite	 occurrence	within	Nephila spp. 
host	webs	in	oil	palm	plantations.	Understory	vegetation	complex-
















     |  1599SPEAR Et Al.
cleptoparasite	density	was	associated	with	enhanced	and	standard	





4.1 | Cleptoparasite density and 
vegetation complexity
Our	results	suggest	that	greater	habitat	complexity	in	oil	palm	plan-
tations	 supports	 higher	 populations	 of	 cleptoparasitic	 spiders,	 both	
per	host	web	and	 in	 terms	of	 total	abundance.	This	 finding	adds	 to	
a	 body	 of	 literature	 demonstrating	 that	 vegetation	 complexity	 and	
diversity	 support	 complex	 food	webs,	 although	 these	 studies	were	
primarily	 conducted	 in	 temperate	 ecosystems	 (Macfadyen,	 Gibson,	














prey	 availability,	 which	 could	 account	 for	 the	 greater	 abundance	 of	
Nephila	host	webs	as	well	as	the	higher	density	per	web	and	total	abun-























contributing	 factor	 to	 lower	 cleptoparasite	 density.	However,	 previ-
ous	research	has	indicated	that	host	web	isolation	does	not	correlate	
with	 cleptoparasite	 abundance	 (Agnarsson,	 2011).	 Future	 research	
might	more	closely	examine	the	relationship	between	host	web	inter-	
distance	and	cleptoparasite	density.






















ing	 occupants	 from	webs	 (Cangialosi,	 1991;	Vollrath,	 1979,	 1987b;	
Whitehouse,	 1988,	 1997).	 It	 is	 possible	 that	 these	older	 hosts	may	
more	 effectively	 limit	 the	 density	 of	 Argyrodes	 within	 their	 webs.	
Further	 research	 is	necessary	to	determine	the	potential	 interactive	
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The	 correlation	 between	 male	 Nephila	 presence	 and	 Argyrodes 
density	may	 also	 reflect	 differences	 in	 food	 resources	 among	 treat-
ments.	Males	frequently	act	as	cleptoparasites	in	females’	webs,	and	
so	benefit	from	similar	factors	to	cleptoparasites,	such	as	prey	abun-
dance	 (Christenson	 et	al.,	 1985;	 Elgar	 et	al.,	 2003;	Vollrath,	 1987b).	









4.3 | Impacts of changing cleptoparasite occurrence
High	Argyrodes	 density	 could	 have	 significant	 impacts	 on	 hosts,	 in-















availability	 in	 enhanced	 complexity	 plots	 must	 therefore	 be	 great	
enough	 to	 support	 both	 high	 cleptoparasite	 abundance	 and	 high	
Nephila	density,	providing	evidence	that	higher	vegetation	complex-
ity	increases	the	ability	of	oil	palm	ecosystems	to	support	both	more	
predators	 and	more	 complex	 trophic	 interactions.	 The	 lower	 den-
sities	 of	 cleptoparasites	 per	web	 area	 in	 reduced	 complexity	 plots	
suggest	 that	 fewer	 resources	were	 available	 to	 support	 either	 the	
hosts	 or	 the	 parasites.	 Because	 cleptoparasites	 rely	 on	 taking	 any	
remaining	food	once	their	host’s	energy	requirements	are	met,	clep-







eficial	 resources	 to	 spiders	 in	 agricultural	 systems	 (Diehl,	Mader,	
Wolters,	 &	Birkhofer,	 2013;	 Rypstra,	 Carter,	 Balfour,	 &	Marshall,	
1999;	Schmidt,	Roschewitz,	Thies,	&	Tscharntke,	2005),	this	study	
shows	that	vegetation	complexity	also	has	the	potential	to	increase	
cleptoparasite	 loads.	The	most	 likely	 reason	 for	 this	 is	 that	main-
taining	understory	vegetation	 in	oil	palm	plantations	provides	ad-
ditional	 resources	 that	 support	 a	 greater	 abundance	 and	 density	
of	Nephila	hosts,	and	also	a	greater	number	of	cleptoparasites	per	
web.	 This	 study	 demonstrates	 the	 potential	 of	 within-	plantation	
management	to	increase	the	complexity	of	tropical	food	webs,	in-
creasing	 the	abundance	of	both	predators	 and	 the	parasites	 they	
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